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Nondegenerate solitons in Manakov system
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Abstract
It is known that Manakov equation which describes wave propagation in two mode optical fibers, pho-
torefractive materials, etc. can admit solitons which allow energy redistribution between the modes on
collision that also leads to logical computing. In this paper, we point out that Manakov system can admit
more general type of nondegenerate fundamental solitons corresponding to different wave numbers, which
undergo collisions without any energy redistribution. The previously known class of solitons which allows
energy redistribution among the modes turns out to be a special case corresponding to solitary waves with
identical wave numbers in both the modes and travelling with the same velocity. We trace out the reason
behind such a possibility and analyze the physical consequences.
a Corresponding author E-mail: lakshman@cnld.bdu.ac.in
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Discovery of solitons has created a new pathway to understand the wave propagation in many
physical systems with nonlinearity [1]. In particular, the existence of optical solitons in nonlinear
Kerr media [2] provoked the investigation on solitons from different perspectives, particularly
from applications point of view. By generalizing the waves propagating in an isotropic medium
[3] to an anisotropic medium, a pair of coupled equations for orthogonally polarized waves has
been obtained by Manakov [4, 5] as
iqjz + qjtt + 2
2∑
p=1
|qp|
2qj = 0, j = 1, 2 (1)
where qj , j = 1, 2, describe orthogonally polarized complex waves. Here the subscripts z and t
represent normalized distance and retarded time, respectively. Equation (1) also appears in many
physical situations such as single optical field propagation in birefringent fibers [6], self trapped
incoherent light beam propagation in photorefractive medium [7–9] and so on. Generalization of
Eq. (1) to arbitrary N-waves is useful to model optical pulse propagation in multi-mode fibers
[10]. It has been identified [4] that the polarization vectors of the solitons change when orthogo-
nally polarized waves nonlinearly interact with each other leading to energy exchange interaction
between the modes [11]. Experimental observation of the latter has been demonstrated in [12–14].
The shape changing collision property of such waves, which we designate here as degenerate po-
larized soliton propagating with identical velocity and wave number in the two modes, gave rise to
the possibility of constructing logic gates leading to all optical computing atleast in a theoretical
sense [15–17]. Energy sharing collisions among the optical vector solitons has been explored [16]
by constructing multi-soliton solutions explicitly to the multi-component nonlinear Schro¨dinger
equations. Further, it has been shown that the multi-soliton interaction process satisfies Yang-
Baxter relation [18]. It is clear from these studies that the shape changing collision that occurs
among the solitons with identical wave numbers in all the modes has been well understood. How-
ever, to our knowledge, studies on solitons with non-identical wave numbers in all the modes have
not been considered so far. Consequently one would like to explore the role of such additional
wave number(s) on the soliton structures and collision scenario as well.
In the contemporary studies, a new class of multi-hump solitons has been identified in different
physical situations. In birefringent dispersive nonlinear media, asymmetric double hump-single
hump frozen states have been obtained [19]. Double hump structure has been observed for the
Manakov equation by considering two soliton solutions [20, 21]. The first experimental obser-
vation of multi-hump solitons was demonstrated when the self trapped incoherent wave packets
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propagate in a dispersive nonlinear medium [22]. These unusual solitons have been found in var-
ious nonlinear coupled field models [23]. Stability of multi-hump optical solitons has also been
investigated in the case of saturable nonlinear medium [24]. It is reported that in such a medium
both two and three hump solitons do not survive after collision. N-self trapped multi-humped
partially coherent solitons have also been explored in photorefractive medium [25]. The coherent
coupling between copropagating fields also give rise to double hump solitons in the coherently
coupled nonlinear Schro¨dinger system [26]. In addition to the above, the dynamics of multi-hump
structured solitons have also been studied in certain dissipative systems [27–30]. A double hump
phase-locked higher-order vector soliton has been observed and its dynamics has been investigated
in mode-locked fiber lasers [27, 28]. Similarly in deployed fiber systems and fiber laser cavities,
double hump solitons have been observed during the buildup process of soliton molecules [31, 33].
Motivated by the above, in this letter we present a new class of generalized soliton solutions for
the Manakov model, exhibiting various interesting structures under general parametric conditions.
A fundamental double hump soliton (as well as other structures described below) sustains its shape
even after collision with another similar soliton. This behaviour is in contrast to the one which
exists in saturable nonlinear media where two and three humps do not survive after collision.
The soliton solutions presented in this letter also have both symmetric and asymmetric natures
analogous to the partially coherent solitons in photorefractive medium. Under specific parametric
restriction on wave numbers they degenerate into the standard Manakov solitons exhibiting shape
changing collisions [11, 16].
To explore the new family of soliton solutions for Eq. (1), we consider the bilinear forms of
Eq. (1) as (iDz +D
2
t )g
(j) · f = 0, j = 1, 2, and D2t f · f = 2
∑2
n=1 g
(n)g(n)∗, which are obtained
through the dependent variable transformations, qj = g
(j)/f , j = 1, 2. Here Dz and Dt are
the well known Hirota bilinear operators [36], g(j)(z, t) are complex functions whereas f is a real
function and ∗ denotes complex conjugation. In principle, multi-soliton solutions of Eq. (1) can be
constructed by solving recursively the system of linear partial differential equations which results
in by substituting the series expansions g(j) = ǫg
(j)
1 + ǫ
3g
(j)
3 + ... and f = 1+ ǫ
2f2 + ǫ
4f4 + ... for
the unknown functions g(j) and f in the bilinear forms. Here ǫ is a formal expansion parameter.
Considering two different seed solutions for g
(1)
1 and g
(2)
1 as α
(1)
1 e
η1 and α
(2)
1 e
ξ1 , respectively,
where η1 = k1t + ik
2
1z, ξ1 = l1t + il
2
1z, and α
(j)
1 , j = 1, 2, k1 and l1 are in general independent
complex wave numbers, to the resultant linear partial differential equations (iDz+D
2
t )g
(j)
1 ·1 = 0,
j = 1, 2, which arise in the lowest order of ǫ, the series expansion gets terminated as g(j) =
3
FIG. 1. Nondegenerate symmetric double hump one-soliton in the two modes: (a) and (b) denote the
intensities of the components q1 and q2, respectively. The parameters are chosen as k1 = 0.316 + 0.5i,
l1 = 0.333 + 0.5i, α
(1)
1 = 0.49 + 0.45i and α
(2)
1 = 0.45 + 0.45i.
ǫg
(j)
1 + ǫ
3g
(j)
3 and f = 1 + ǫ
2f2 + ǫ
4f4. The explicit forms of the unknown functions present in
the truncated series expansions constitute a new fundamental one soliton solution to Eq. (1) in the
form
q1 = (α
(1)
1 e
η1 + eη1+ξ1+ξ
∗
1+∆
(1)
1 )/D1
q2 = (α
(2)
1 e
ξ1 + eη1+η
∗
1+ξ1+∆
(2)
1 )/D1, (2)
where D1 = 1 + e
η1+η∗1+δ1 + eξ1+ξ
∗
1+δ2 + eη1+η
∗
1+ξ1+ξ
∗
1+δ11 , eδ1 =
|α
(1)
1 |
2
(k1+k∗1)
2 , e
δ2 =
|α
(2)
1 |
2
(l1+l∗1)
2 , e
δ11 =
|k1−l1|2|α
(1)
1 |
2|α
(2)
1 |
2
(k1+k∗1)
2(k∗1+l1)(k1+l
∗
1)(l1+l
∗
1)
2 , e
∆
(1)
1 =
(k1−l1)α
(1)
1 |α
(2)
1 |
2
(k1+l∗1)(l1+l
∗
1)
2 , e
∆
(2)
1 = −
(k1−l1)|α
(1)
1 |
2α
(2)
1
(k1+k∗1)
2(k∗1+l1)
. From the above, it
is evident that the fundamental solitons propagating in the two modes are characterized by four
arbitrary complex parameters k1, l1 and α
(j)
1 , j = 1, 2. These nontrivial parameters determine
the shape, amplitude, width and velocity of the solitons which propagate in the Kerr media or
photorefractive media. The amplitudes of the solitons that are present in the two modes q1 and q2
are governed by the real parts of the wave numbers k1 and l1 whereas velocities are described by
the imaginary parts of them. Note that α
(j)
1 , j = 1, 2, are related to the unit polarization vectors of
the solitons in the two modes.
To identify certain special features of the obtained four complex parameter family of soliton
solution (2) we first consider (for simplicity of analysis) the special case where the imaginary parts
of the wave numbers k1I = l1I but with k1R 6= l1R. The latter case yields atleast the following four
different symmetric wave profiles, apart from similar asymmetric wave profiles, from solution
(2) by incorporating the condition k1R < l1R with further conditions and with suitable choices
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of parameters (examples given in [38]): (i) single hump-single hump soliton: α
(1)
1R > α
(2)
1R and
α
(1)
1I = α
(2)
1I , (ii) double hump-single hump soliton: α
(1)
1R = α
(2)
1R and α
(1)
1I < α
(2)
1I , (iii) double
hump-flat top soliton: α
(1)
1R = α
(2)
1R and α
(1)
1I ≈ α
(2)
1I , (iv) double hump-double hump soliton: α
(1)
1R >
α
(2)
1R and α
(1)
1I = α
(2)
1I . Similar conditions can be given for k1R > l1R also. We have not listed
the asymmetric wave profiles here for brevity, which also exhibit the properties discussed below.
Similar classification can be made for the case k1I 6= l1I , so that the solitons propagate in the two
modes with different velocities, and exhibit similar interaction properties. These will be discussed
separately.
To illustrate the symmetric case, we display only the intensity profile of the double hump soliton
in Fig. 1. We call the solitons that have two distinct wave numbers in both the modes as in Eq.
(2) as nondegenerate solitons (which can exist as different profiles as described above) while the
solitons which have identical wave numbers in all the modes (which exist only in single hump
form) are designated as degenerate solitons. In particular, in the special case when k1 = l1, the
forms of qj given in Eq. (2) degenerate into the standard bright soliton form [4, 11]
qj =
α
(j)
1 e
η1
1 + eη1+η
∗
1+R
, j = 1, 2, (3)
which can be rewritten as
qj = k1RAˆje
iη1I sech(η1R +
R
2
), (4)
where η1R = k1R(t−2k1Iz), η1I = k1It+(k
2
1R−k
2
1I)z, Aˆj =
α
(j)
1√
(|α
(1)
1 |
2+|α
(2)
1 |
2)
, eR =
(|α
(1)
1 |
2+|α
(2)
1 |
2)
(k1+k∗1)
2 ,
j = 1, 2. Note that the above fundamental bright soliton always propagates in both the modes q1
and q2 with the same velocity 2k1I . The polarization vectors (Aˆ1, Aˆ2)
† have different amplitudes
and phases, unlike the case of nondegenerate case where they have only different phases (A1 =
(
α
(1)
1
α
(1)∗
1
)
1
2 , A2 = (
α
(2)
1
α
(2)∗
1
)
1
2 )† (vide Eq. (2)), but same unit amplitude. We call the above type of soliton
(3) or (4) as degenerate soliton [37].
In order to understand the collision dynamics of the soliton solution of the kind (2), it is
essential to construct the corresponding two soliton solution. In the latter case, the series ex-
pansion for qj , j = 1, 2, gets terminated as g
(j) = ǫg
(j)
1 + ǫ
3g
(j)
3 + ǫ
5g
(j)
5 + ǫ
7g
(j)
7 and f =
1 + ǫ2f2 + ǫ
4f4 + ǫ
6f6 + ǫ
8f8. The obtained explicit forms of g
(j) and f , j = 1, 2, in the above
truncated expansions constitute the nondegenerate two soliton solution of Eq. (1), which reduces
to the known form given in Ref. [11] for ki = li, i = 1, 2. The complicated profiles of the present
nondegenerate two soliton solution are governed by eight arbitrary complex parameters kj , lj , α
(j)
1
and α
(j)
2 , j = 1, 2 (see supplemental material [38]).
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FIG. 2. Nondegenerate solitons exhibiting shape preserving collisions: (a) and (b) denote the elastic colli-
sion of two symmetric double hump solitons for the parametric values k1 = 0.333 + 0.5i, k2 = 0.3− 2.2i,
l1 = 0.3 + 0.5i, l2 = 0.333 − 2.2i, α
(1)
1 = 0.45 + 0.45i, α
(1)
2 = 0.49 + 0.45i, α
(2)
1 = 0.49 + 0.45i and
α
(2)
2 = 0.45 + 0.45i.
To study the collision dynamics between the nondegenerate two solitons, as an example, we
again confine ourselves to the case of symmetric double hump solitons by fixing the imaginary
parts of the wave numbers as kiI = liI , i = 1, 2. For other types also similar analysis has been car-
ried out. By carefully examining the behavior of the obtained nondegenerate two soliton solution
in the asymptotic regimes, z → ±∞, we find that the phases of the fundamental nondegenerate
double hump solitons in both the modes change during the collision process, while the intensities
remain unchanged. This can be verified by defining the transition amplitudes as T lj =
Al+j
Al−j
, j
=1,2 and l = 1, 2, where subscript j represents the mode and superscript l± denote the nonde-
generate soliton numbers 1 and 2 designated as S1 and S2, respectively, in the asymptotic regimes
z → ±∞.
In the nondegenerate double hump soliton case, the amplitudes of the solitons S1 and S2
in the first mode
(
2k1RA
1−
1 ,
(k1−k2)(k2−l1)1/2(k1+k∗2)(k
∗
2+l1)
1/2
(k∗1−k
∗
2)(k
∗
2−l
∗
1)
1/2(k∗1+k2)(k2+l
∗
1)
1/22k2RA
1−
2
)
before collision change to
( (k1−k2)(k1−l2)1/2(k∗1+k2)(k∗1+l2)1/2
(k∗1−k
∗
2)(k
∗
1−l
∗
2)
1/2(k1+k∗2)(k1+l
∗
2)
1/2 2k1RA
1+
1 , 2k2RA
1+
2
)
after collision, where A1±1 =
√
α
(1)
1
α
(1)∗
1
, A1±2 =√
α
(1)
2
α
(1)∗
2
. Similarly in the second component the amplitudes of the solitons S1 and S2 are
(
2l1RA
2−
1 ,
(l1−l2)(k1−l2)1/2(l1+l∗2)(k1+l
∗
2)
1/2
(l∗1−l
∗
2)(k
∗
1−l
∗
2)
1/2(k∗1+l2)
1/2(l∗1+l2)
2l2RA
2−
2
)
before collisionwhich change to
( (11−l2)(l1−k2)1/2(l∗1+l2)(k2+l∗1)1/2
(l∗1−l
∗
2)(k
∗
2−l
∗
1)
1/2(l1+l∗2)(k
∗
2+l2)
1/2 2l1RA
2+
1 ,
2l2RA
2+
2
)
after collision, where A2±1 =
√
α
(2)
1
α
(2)∗
1
, A2±2 =
√
α
(2)
2
α
(2)∗
2
. However the intensity redistri-
bution does not occur among the modes of the solitons, which can be confirmed by taking the
absolute squares of the transition amplitudes which turn out to be unity, that is |T lj |
2 = 1. This
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FIG. 3. Degenerate solitons exhibiting shape changing collision: (a) and (b) denote the energy sharing
collision in the two modes for the parametric values k1 = l1 = 1 + i, k2 = l2 = 1.51 − 1.5i, α
(1)
1 =
0.5 + 0.5i, α
(1)
2 = α
(2)
1 = α
(2)
2 = 1.
shows that in the nondegenerate case, ki 6= li, i = 1, 2, the polarization vectors do not contribute
to intensity redistribution among the modes. Consequently the double hump solitons in each mode
exhibit shape preserving collision corresponding to elastic nature. This is illustrated in Fig. 2 for
the parameter values given there by actually plotting the two-soliton solution (given in supplemen-
tal material). From this figure it is easy to identify that the intensity/energy of the double hump
solitons in the two modes propagate without change after collision with another double hump
soliton except for a phase shift. Similar scenario exists generally for all other cases of ki 6= li,
i = 1, 2, the details of which will be published elsewhere. We also find that the phases of the soli-
ton S1 in the two modes change from
(∆(1)1 −ρ1
2
,
∆
(2)
1 −ρ2
2
)
to
(φ(1)2 −µ(1)8
2
,
φ
(2)
2 −µ
(2)
8
2
)
during the collision
process, while the phases of soliton S2 change from
(φ(1)1 −µ(1)1
2
,
φ
(2)
1 −µ
(2)
1
2
)
to
(∆(1)8 −ρˆ1
2
,
∆
(2)
8 −ρˆ2
2
)
after
collision. Here ρj = logα
(j)
1 , ρˆj = logα
(j)
2 , ∆
(j)
1 , φ
(j)
1 , φ
(j)
2 , µ
(j)
1 , µ
(j)
8 , ∆
(j)
8 , j = 1, 2 are constants
(see[38]).
In addition to the above, we have also observed similar shape preserving collision in the case of
symmetric single hump soliton when it collides with another identical soliton. The flat top soliton
also preserves its structure when it collides with a symmetric double hump soliton. However, while
testing the stability property of a double hump soliton interacting with a single hump soliton, we
come across a slightly different collision scenario. During this interaction process, the symmetric
double hump soliton experiences a strong perturbation due to the collision with the symmetric
single hump soliton. The result of their collision is only reflected in a change in the shape of the
symmetric double hump soliton into a slightly asymmetric form, but without change in energy.
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However, the symmetric single hump soliton does not undergo any change (see [38]).
In contrast to the nondegenerate case, the nonlinear superposition of degenerate fundamental
solitons (ki = li, i = 1, 2) in the Manakov system exhibits interesting shape changing collision
due to intensity redistribution among the modes as shown in Ref. [11]. The intensity redistribution
occurs in the degenerate case due to the arbitrary polarization vectors in the two modes getting
mixed up, which is illustrated in Fig. 3 where the intensity redistribution occurs because of the
enhancement or suppression of intensity in any one of the modes in either one of the degenerate
solitons with corresponding suppression or enhancement of intensity of the same soliton, see Eq.
(4) [11]. To hold the energy conservation between the two modes the intensities of the two solitons
S1 and S2 change appropriately. It is well known that the degenerate soliton/Manakov soliton
(Eq. (3)) reported in Refs. [10,11] in general exhibits shape changing collision through energy
redistribution among the modes (except for the very special case
α
(1)
1
α
(1)
2
=
α
(2)
1
α
(2)
2
[10, 16], where elastic
collision occurs). We have also verified the elastic nature of double hump soliton collision using
CrankNicolson method [42].
We also further wish to point out that considering the notion dissipative solitons, they also
exhibit elastic collision property. However, this collision scenario, for example in a fiber laser
cavity, is entirely different from the one that occur in our present case. In the fiber laser cavity,
during the collision between the soliton pair (bound state/doublet) and single soliton state (singlet),
the single soliton destroys the bound state but another pair is formed that moves away with the
same velocity leaving one of the solitons of the previously moving pair in rest [39, 41]. During
this collision scenario, the energy or momentum is not conserved in the dissipative system (fiber
laser cavity). To bring the above elastic collision, it is essential to set up the binding energy of
solitons to be non-zero and the difference in velocities of the pair and the singlet is fixed and must
be same before and after collision [39, 41]. Also no explicit analytical form of such dissipative
soliton is available for direct analysis.
In principle one can construct theN-soliton solution of the nondegenerate type to the Manakov
system by following the procedure given above. For theN-nondegenerate soliton, the power series
expansion should be of the form g(j) =
∑2N−1
n=1 ǫ
2n−1g
(j)
2n−1 and f = 1+
∑2N
n=1 ǫ
2nf2n. The shape of
the profile will be determined by the 4N complex parameters which are present in the N-soliton
solution. The degenerate soliton solutions can be recovered from the nondegenerate N-soliton
solutions by fixing the wave numbers as ki = li, i = 1, 2, ..., N . The symmetric profile of the multi-
nondegenerate soliton can be obtained by fixing the imaginary parts as kiI = liI , i = 1, 2, ...N .
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We also point out that the symmetric and asymmetric cases of the nondegenerate soliton solution
given in Eq. (2) can be compared with partially incoherent soliton in photorefractive medium
[25]. The profile of the PCS is determined by only three real parameters for N = 2 as special
case of the degenerate soliton [10, 16] (Manakov case) whereas in the present nondegenerate case,
the profiles of the single soliton are governed by four complex parameters. In the incoherent limit
(number of modes is infinity) the shape of the PCS can be arbitrary since the number of parameters
involved in the underlying analytical form is N-free real parameters. However in the incoherent
limit the presence of 2N free complex parameters in the nondegenerate fundamental one soliton
would bring in more complex shapes than the abovementioned PCS reported in the photorefractive
medium.
To observe the existence of nondegenerate solitons (2) experimentally one may consider the
mutual-incoherence procedure given in [12, 22] with two different laser sources of different char-
acters (instead of a single laser source). Using polarizing beam splitters, the extraordinary beams
coming out from the two laser sources can be further split into four individual incoherent fields.
These four fields can act as nondegenerate two individual solitons in the two modes. Further, the
collision angle must be large enough to to observe the elastic collision between these nondegener-
ate two solitons in both the modes [12, 13]. The experimental procedure with a single laser can be
used to observe the Manakov solitons and multi-mode multi-hump solitons that arise in dispersive
nonlinear medium [12, 22].
Finally, it is essential to point out the application of our above reported soliton solutions. Our
results open up a new possibility to investigate nondegenerate solitons in both integrable and non-
integrable systems and will give rich coherent structures when the four wave mixing phenomenon
is taken into account. Our studies can also be extended to fiber arrays and multi-mode fibers
where the pulse propagation is described by Manakov type equations. Experimental observation
of Manakov solitons in AlGaAs planar wave guides [13] and multi-hump solitons in the multi-
mode self-induced wave guides [22] give the impression that our results will be important to an
interaction of optical field in coupled field models. The shape preserving collision which occurs
among the nondegenerate solitons can be used for the optical communication process. The double
hump nature of the nondegenerate solitons can be useful for the information process as described
in the concept of soliton molecule [31]. As far as the degenerate soliton is concerned, it has
already been shown that it is useful in the the computation process [15, 16]. We note that under
appropriate conditions, namely k1I ≈ k2I and l1I ≈ l2I , the nondegenerate solitons reported in
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the present conservative system can be seen as the soliton molecule observed in the deployed fiber
systems and in fiber laser cavities [31–35].
In conclusion, we have shown that the Manakov model under a general physical situation ad-
mits interesting nondegenerate solitons exhibiting shape preserving collisions thereby leading to
explain the interaction of elastic nature of light-light interaction under general initial conditions.
The fascinating energy sharing collisions exhibiting the nonlinear superposition of degenerate
multi-solitons can be extracted from the nondegenerate soliton solutions under the specific physi-
cal restrictions which leads to the construction of optical logic gates [15].
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1
S.1. NONDEGENERATE TWO-SOLITON SOLUTION
To explore the nondegenerate two-soliton solution of Manakov system, we adopt the Hirota’s
bilinear method which we have discussed in the main text. We find that the Hirota’s series expan-
sion gets truncated for the nondegenerate two-soliton solution as
g(j) = ǫg
(j)
1 + ǫ
3g
(j)
3 + ǫ
5g
(j)
5 + ǫ
7g
(j)
7 , j = 1, 2,
f = 1 + ǫ2f2 + ǫ
4f4 + ǫ
6f6 + ǫ
8f8. (1)
The following nondegenerate two soliton solution of Manakov system can be obtained by finding
the unknown functions that are present in the above series expansions,
qj =
g(j)
f
, j = 1, 2,
where the explicit forms of g(j) and f are given by
g(1) =
2∑
j=1
α
(1)
j e
ηj + eη1
( 2∑
i,j=1
eξi+ξ
∗
j+∆ij + eη
∗
1+η2+∆13 + eξ1+ξ
∗
1+ξ2+ξ
∗
2+∆14
)
+eη2
( 2∑
i,j=1
eξi+ξ
∗
j+Λij + eη1+η
∗
2+∆31 + eξ1+ξ
∗
1+ξ2+ξ
∗
2+∆41
)
+eη1+η2+η
∗
1
( 2∑
i,j=1
eξi+ξ
∗
j+Θij + eξ1+ξ
∗
1+ξ2+ξ
∗
2+∆15
)
+eη1+η2+η
∗
2
( 2∑
i,j=1
eξi+ξ
∗
j+Φij + eξ1+ξ
∗
1+ξ2+ξ
∗
2+∆51
)
, (2a)
g(2) =
2∑
j=1
α
(2)
j e
ξj + eξ1
( 2∑
i,j=1
eηi+η
∗
j+γij + eξ
∗
1+ξ2+γ13 + eη1+η
∗
1+η2+η
∗
2+γ14
)
+eξ2
( 2∑
i,j=1
eηi+η
∗
j+µij + eξ1+ξ
∗
2+γ31 + eη1+η
∗
1+η2+η
∗
2+γ41
)
+eξ1+ξ2+ξ
∗
1
( 2∑
i,j=1
eηi+η
∗
j+νij + eη1+η
∗
1+η2+η
∗
2+γ15
)
+eξ1+ξ2+ξ
∗
2
( 2∑
i,j=1
eηi+η
∗
j+χij + eη1+η
∗
1+η2+η
∗
2+γ51
)
, (2b)
2
f = 1 + eη1+η
∗
1
(
eδ1 +
2∑
i,j=1
eξi+ξ
∗
j+δij + eξ1+ξ
∗
1+ξ2+ξ
∗
2+δ13
)
+ eη
∗
1+η2
(
eδ2
+
2∑
i,j=1
eξi+ξ
∗
j+ϑij + eξ1+ξ
∗
1+ξ2+ξ
∗
2+δ14
)
+ eη1+η
∗
2
(
eδ
∗
2 +
2∑
i,j=1
eξi+ξ
∗
j+ϕij
+eξ1+ξ
∗
1+ξ2+ξ
∗
2+δ15
)
+ eη2+η
∗
2
(
eδ3 +
2∑
i,j=1
eξi+ξ
∗
j+ςij + eξ1+ξ
∗
1+ξ2+ξ
∗
2+δ16
)
+eη1+η
∗
1+η2+η
∗
2
( 2∑
i,j=1
eξi+ξ
∗
j+φij + eδ17 + eξ1+ξ
∗
1+ξ2+ξ
∗
2+δ18
)
+
2∑
i,j=1
eξi+ξ
∗
j+ψij
+eξ1+ξ
∗
1+ξ2+ξ
∗
2+δ19 (2c)
The constants that are present in the above two-soliton solution are given below,
e∆11 =
̺11α
(1)
1 α
(2)
1 α
(2)∗
1
τ11l11
, e∆21 =
̺12α
(1)
1 α
(2)∗
1 α
(2)
2
τ11l21
, e∆12 =
̺11α
(1)
1 α
(2)
1 α
(2)∗
1
τ12l12
,
e∆22 =
̺12α
(1)
1 α
(2)
2 α
(2)∗
2
τ12l22
, eΛ11 =
̺21α
(1)
2 α
(2)
1 α
(2)∗
1
τ21l11
, eΛ21 =
̺22α
(1)
2 α
(2)
2 α
(2)∗
1
τ21l21
,
eΛ12 =
̺21α
(1)
2 α
(2)
1 α
(2)∗
2
τ22l12
, eΛ22 =
̺22α
(1)
2 α
(2)
2 α
(2)∗
2
τ22l22
, e∆13 =
θ21α
(1)
1 α
(1∗)
1 α
(1)
2
κ21κ11
,
e∆31 =
θ21α
(1)
1 α
(1)
2 α
(1)∗
2
κ12κ22
, eγ11 =
−̺11α
(1)
1 α
(1∗)
1 α
(2)
1
τ ∗11κ11
, eγ21 =
−̺21α
(1)∗
1 α
(2)
1 α
(1)
2
τ ∗11κ21
,
eγ12 =
−̺11α
(1)
1 α
(2)
1 α
(1)∗
2
τ ∗21κ12
, eγ22 =
−̺21α
(1)
2 α
(1)∗
2 α
(2)
1
τ ∗21κ22
, eµ11 =
−̺12α
(1)
1 α
(1)∗
1 α
(2)
2
τ ∗12κ11
,
eµ21 =
−̺22α
(1)∗
1 α
(1)
2 α
(2)
2
τ ∗12κ21
, eµ12 =
−̺12α
(1)
1 α
(1)∗
2 α
(2)
2
τ ∗22κ12
, eµ22 =
−̺22α
(1)
2 α
(1)∗
2 α
(2)
2
τ ∗22κ22
,
eγ13 =
θ22α
(2)
1 α
(2)∗
1 α
(2)
2
l11l21
, eγ31 =
θ22α
(2)
1 α
(2)∗
2 α
(2)
2
l12l22
, eδ1 =
α
(1)
1 α
(1)∗
1
κ11
, eδ2 =
α
(1)
2 α
(1)∗
1
κ21
,
eΘ11 =
θ21̺11̺
∗
11̺21α
(1)
1 α
(1)∗
1 α
(2)
1 α
(2)∗
1 α
(1)
2
κ11κ21τ11τ
∗
11τ21l11
, eΘ21 =
θ21̺12̺
∗
11̺22α
(1)
1 α
(1)∗
1 α
(2)∗
1 α
(1)
2 α
(2)
2
κ11κ21τ11τ
∗
12τ21l21
,
eΘ12 =
θ21̺11̺
∗
12̺21α
(1)
1 α
(1)∗
1 α
(2)
1 α
(1)
2 α
(2)∗
2
κ11κ21τ12τ
∗
11τ22l12
, eΘ22 =
θ21̺12̺
∗
12̺22α
(1)
1 α
(1)∗
1 α
(1)
2 α
(2)∗
2 α
(2)
2
κ11κ21τ12τ
∗
12τ22l22
,
eΦ11 =
θ21̺11̺
∗
21̺21α
(1)
1 α
(2)∗
1 α
(2)
1 α
(1)∗
2 α
(1)
2
κ12κ22τ11τ
∗
21τ21l11
, eΦ21 =
θ21̺12̺
∗
21̺22α
(1)
1 α
(2)∗
1 α
(1)
2 α
(1)∗
2 α
(2)
2
κ12κ22τ11τ
∗
22τ21l21
,
eΦ12 =
θ21̺11̺21̺
∗
22α
(1)
1 α
(2)
1 α
(1)
2 α
(1)∗
2 α
(2)∗
2
κ12κ22τ12τ
∗
21τ22l12
, eΦ22 =
θ21̺12̺22̺
∗
22α
(1)
1 α
(1)
2 α
(1)∗
2 α
(2)
2 α
(2)∗
2
κ12κ22τ12τ
∗
22τ22l22
,
e∆14 =
θ22θ
2∗
2 ̺11̺12α
(1)
1 α
(2)
1 α
(2)∗
1 α
(2)
2 α
(2)∗
2
τ11τ12l11l12l21l22
, e∆41 =
θ22θ
2∗
2 ̺21̺22α
(2)
1 α
(2)∗
1 α
(1)
2 α
(2)
2 α
(2)∗
2
τ21τ22l11l12l21l22
,
eν11 =
−θ22̺11̺
∗
11̺12α
(1)
1 α
(1)∗
1 α
(2)
1 α
(2)∗
1 α
(2)
2
κ11l11τ11τ
∗
11τ
∗
12l21
, eν21 =
−θ22̺21̺
∗
11̺22α
(1)∗
1 α
(2)
1 α
(2)∗
1 α
(1)
2 α
(2)
2
κ21τ21τ
∗
11τ
∗
12l11l21
,
3
eν12 =
−θ22̺11̺
∗
21̺12α
(1)
1 α
(2)∗
1 α
(2)
1 α
(1)∗
2 α
(2)
2
κ12τ11τ
∗
21τ
∗
22l11l21
, eν22 =
−θ22̺21̺
∗
21̺22α
(2)
1 α
(2)∗
1 α
(1)
2 α
(1)∗
2 α
(2)
2
κ22τ21τ
∗
21τ
∗
22l11l21
,
eχ11 =
−θ22̺11̺
∗
12̺12α
(1)
1 α
(1)∗
1 α
(2)
1 α
(2)∗
2 α
(2)
2
κ11τ
∗
11τ
∗
12τ12l12l22
, eχ21 =
−θ22̺21̺
∗
12̺22α
(1)
2 α
(1)∗
1 α
(2)
1 α
(2)∗
2 α
(2)
2
κ21τ
∗
11τ
∗
12τ22l12l22
,
eχ12 =
−θ22̺11̺
∗
22̺12α
(1)
1 α
(1)∗
2 α
(2)
1 α
(2)∗
2 α
(2)
2
κ12τ
∗
21τ
∗
22τ12l12l22
, eχ22 =
−θ22̺21̺
∗
22̺22α
(1)
2 α
(1)∗
2 α
(2)
1 α
(2)∗
2 α
(2)
2
κ22τ
∗
21τ
∗
22τ22l12l22
,
eγ14 =
θ21θ
2∗
1 ̺11̺21α
(1)
1 α
(2)
1 α
(1)∗
1 α
(1)
2 α
(1)∗
2
τ ∗11τ
∗
12κ11κ12κ21κ22
, eγ41 =
θ21θ
2∗
1 ̺12̺22α
(1)
1 α
(1)
2 α
(1)∗
1 α
(1)∗
2 α
(2)
2
τ ∗12τ
∗
22κ11κ12κ21κ22
,
e∆15 =
θ21θ
2
2θ
2∗
2 ̺11̺21̺12̺22̺
∗
11̺
∗
12α
(1)
1 α
(1)∗
1 α
(2)
1 α
(2)∗
1 α
(1)
2 α
(2)
2 α
(2)∗
2
κ11κ21τ11τ
∗
11τ21τ12τ
∗
12τ22l11l12l21l22
, eδ3 =
|α
(1)
2 |
2
κ22
,
e∆51 =
θ21θ
2
2θ
2∗
2 ̺11̺21̺12̺22̺
∗
21̺
∗
22α
(1)
1 α
(2)∗
1 α
(2)
1 α
(1)∗
2 α
(1)
2 α
(2)
2 α
(2)∗
2
κ12κ22τ11τ
∗
21τ21τ12τ
∗
22τ22l11l12l21l22
, eψ11 =
|α
(2)
1 |
2
l11
,
eγ15 =
θ21θ
2
2θ
2∗
1 ̺11̺21̺12̺22̺
∗
21̺
∗
12α
(1)
1 α
(1)∗
1 α
(2)
1 α
(2)∗
1 α
(1)
2 α
(2)
2 α
(1)∗
2
κ11κ21κ12κ22τ11τ
∗
11τ21τ
∗
12τ
∗
22τ
∗
21l11l21
, eψ21 =
α
(2)∗
1 α
(2)
2
l21
,
eγ51 =
θ21θ
2
2θ
2∗
1 ̺11̺21̺12̺22̺
∗
22̺
∗
12α
(1)
1 α
(1)∗
1 α
(2)
1 α
(1)∗
2 α
(1)
2 α
(2)
2 α
(2)∗
2
κ11κ21κ12κ22τ22τ
∗
11τ12τ
∗
12τ
∗
22τ
∗
21l12l22
, eψ12 =
α
(2)
1 α
(2)∗
2
l12
,
eδ18 =
θ21θ
2
2θ
2∗
1 θ
2∗
2 ̺11̺21̺12̺22̺
∗
11̺
∗
12̺
∗
21̺
∗
22|α
(1)
1 |
2|α
(2)
1 |
2|α
(1)
2 |
2|α
(2)
2 |
2
κ11κ21κ12κ22|τ11|2|τ12|2|τ21|2|τ22|2l11l21l12l22
, eψ22 =
|α
(2)
2 |
2
l22
,
eδ11 =
|̺11|
2|α
(1)
1 |
2|α
(2)
1 |
2
κ11|τ11|2l11
, eδ21 =
̺12̺
∗
11α
(1)
1 α
(1)∗
1 α
(2)
2 α
(2)∗
1
κ11τ11τ
∗
12l21
, eδ12 =
̺11̺
∗
12α
(1)
1 α
(1)∗
1 α
(2)
1 α
(2)∗
2
κ11τ
∗
11τ12l12
,
eδ22 =
|̺12|
2|α
(1)
1 |
2|α
(2)
2 |
2
κ11|τ12|2l22
, eϑ11 =
̺21̺
∗
11α
(1)∗
1 |α
(2)
1 |
2α
(1)
2
κ21τ
∗
11τ21l11
, eϑ21 =
̺22̺
∗
11α
(1)∗
1 α
(2)∗
1 α
(1)
2 α
(2)
2
κ21τ
∗
12τ21l21
,
eϑ12 =
̺21̺
∗
12α
(1)∗
1 α
(2)
1 α
(1)
2 α
(2)∗
2
κ21τ
∗
11τ22l12
, eϑ22 =
̺22̺
∗
12α
(1)∗
1 α
(2)
2 α
(1)
2 α
(2)∗
2
κ21τ
∗
12τ22l22
, eϕ11 =
̺11̺
∗
21α
(1)
1 α
(2)
1 α
(2)∗
1 α
(1)∗
2
κ12τ
∗
21τ11l11
,
eϕ21 =
̺12̺
∗
21α
(1)
1 α
(2)∗
1 α
(1)∗
2 α
(2)
2
κ12τ
∗
22τ11l21
, eϕ12 =
̺11̺
∗
22α
(1)
1 α
(2)
1 α
(2)∗
2 α
(1)∗
2
κ12τ
∗
21τ12l12
, eϕ22 =
̺12̺
∗
22α
(1)
1 α
(2)
2 α
(2)∗
2 α
(1)∗
2
κ12τ
∗
22τ12l22
,
eς11 =
̺21̺
∗
21α
(2)
1 α
(2)∗
1 α
(1)
2 α
(1)∗
2
κ12τ
∗
21τ21l11
, eς21 =
̺22̺
∗
21α
(2)∗
1 α
(1)∗
2 α
(1)
2 α
(2)
2
κ22τ
∗
22τ21l21
, eς12 =
̺21̺
∗
22α
(2)
1 α
(2)∗
2 α
(1)
2 α
(1)∗
2
κ22τ
∗
21τ22l12
,
eς22 =
̺22̺
∗
22α
(2)
2 α
(2)∗
2 α
(1)
2 α
(1)∗
2
κ22τ
∗
22τ22l22
, eδ17 =
θ21θ
2∗
1 |α
(1)
1 |
2|α
(1)
2 |
2
κ12κ21κ11κ22
, eδ19 =
θ22θ
2∗
2 |α
(2)
1 |
2|α
(2)
2 |
2
l12l21l11l22
,
eφ11 =
θ21θ
2∗
1 ̺11̺21̺
∗
11̺
∗
21|α
(1)
1 |
2|α
(2)
1 |
2|α
(1)
2 |
2
κ12κ21κ11κ22|τ11|2|τ21|2l11
, eφ21 =
θ21θ
2∗
1 ̺12̺22̺
∗
11̺
∗
21|α
(1)
1 |
2α
(2)∗
1 |α
(1)
2 |
2α
(2)
2
κ12κ21κ11κ22τ11τ21τ
∗
12τ
∗
22l21
,
eφ12 =
θ21θ
2∗
1 ̺11̺21̺
∗
12̺
∗
22|α
(1)
1 |
2α
(2)
1 |α
(1)
2 |
2α
(2)∗
2
κ12κ21κ11κ22τ
∗
11τ
∗
21τ12τ22l12
, eφ22 =
θ21θ
2∗
1 ̺12̺22̺
∗
12̺
∗
22|α
(1)
1 |
2|α
(2)
2 |
2|α
(1)
2 |
2
κ12κ21κ11κ22|τ12|2|τ22|2l22
,
eδ13 =
θ22θ
2∗
2 ̺11̺12̺
∗
11̺
∗
12|α
(1)
1 |
2|α
(2)
1 |
2|α
(2)
2 |
2
κ11l11l21l12l22|τ11|2|τ12|2
, eδ14 =
θ22θ
2∗
2 ̺21̺22̺
∗
11̺
∗
12α
(1)∗
1 |α
(2)
1 |
2α
(1)
2 |α
(2)
2 |
2
κ21l11l21l12l22τ
∗
11τ
∗
12τ21τ22
,
eδ15 =
θ22θ
2∗
2 ̺11̺12̺
∗
21̺
∗
22α
(1)
1 |α
(2)
1 |
2α
(1)∗
2 |α
(2)
2 |
2
κ12l11l21l12l22τ
∗
21τ
∗
22τ11τ12
, eδ16 =
θ22θ
2∗
2 ̺21̺22̺
∗
21̺
∗
22α
(2)∗
1 |α
(1)
2 |
2|α
(2)
2 |
2
κ22l11l21l12l22τ
∗
21τ
∗
22τ21τ22
,
4
θ1 = (k1 − k2), θ2 = (l1 − l2), ̺nm = (kn − lm), τnm = (kn + l
∗
m),
lnm = (ln + l
∗
m)
2, κnm = (kn + k
∗
m)
2, n,m = 1, 2.
S.2. DEGENERATE TWO-SOLITON SOLUTION
In the limit, k1 = l1 and k2 = l2, the above given nondegenerate two-soliton solution is reduced
to the following standard degenerate two-soliton solution [1], that is
qj(x, t) =
α
(j)
1 e
η1 + α
(j)
2 e
η2 + eη1+η
∗
1+η2+δ1j + eη1+η2+η
∗
2+δ2j
1 + eη1+η
∗
1+R1 + eη1+η
∗
2+δ0 + eη
∗
1+η2+δ
∗
0 + eη2+η
∗
2+R2 + eη1+η
∗
1+η2+η
∗
2+R3
, (3)
where
j = 1, 2, ηj = kj(t+ ikjz), e
δ0 = k12
k1+k∗2
, eR1 = k11
k1+k∗1
, eR2 = k22
k2+k∗2
,
eδ1j =
(k1−k2)(α
(j)
1 k21−α
(j)
2 k11)
(k1+k∗1)(k
∗
1+k2)
, eδ2j =
(k2−k1)(α
(j)
2 k12−α
(j)
1 k22)
(k2+k∗2)(k1+k2
∗)
,
eR3 = |k1−k2|
2
(k1+k∗1)(k2+k
∗
2)|k1+k
∗
2 |
2 (k11k22 − k12k21) and kil =
µ
∑2
n=1 α
(n)
i α
(n)∗
i
(ki+k∗l )
; i, l = 1, 2.
The energy sharing collision of the above degenerate two-soliton solution was studied in [1].
S.3. ASYMPTOTIC ANALYSIS: SHAPE PRESERVING COLLISION OF DOUBLE HUMP SOLI-
TON
To study the interaction between nondegenerate solitons, we carefully perform the asymptotic
analysis for the nondegenerate two soliton solution (2a)-(2c). Here, we present the asymptotic
analysis for the shape preserving collision that occur between the double hump solitons. To explore
this, we consider the choice of wave parameters as k1R > l1R, k2R < l2R, k1I > k2I , l1I > l2I ,
k1R > k2R, l1R < l2R, k1I = l1I and k2I = l2I . Under this parametric choice, we deduce the
following asymptotic forms corresponding to two individual double hump solitons in both the
modes before and after collision can be given as follows.
Before collision: z → −∞
soliton 1: In this limit, the asymptotic forms deduced from the two soliton solution for soliton 1 in
both the modes before collision,
q1 =
2A1−1 k1Re
iη1I cosh(ξ1R +
φ1
2
)[ (k∗1−l∗1) 12
(k∗1+l1)
1
2
cosh(η1R + ξ1R +
δ
(1)
1
2
) +
(k1+l∗1)
1
2
(k1−l1)
1
2
cosh(η1R − ξ1R +
δ1−δ4
2
)
] , (4a)
q2 =
2A2−1 l1Re
iξ1I cosh(η1R ++
φ2
2
)[ i(k∗1−l∗1) 12
(k1+l∗1)
1
2
cosh(η1R + ξ1R +
δ
(1)
1
2
) +
(k∗1+l1)
1/2
(l1−k1)1/2
cosh(η1R − ξ1R +
δ1−δ4
2
)
] . (4b)
5
soliton 2: The asymptotic expressions for the soliton 2 in the two modes before collision turn out
to be,
q1 =
2k2RA
1−
2 (k1 − k2)(k2 − l1)
1
2 (k1 + k
∗
2)(k
∗
2 + l1)
1
2 eiη2I cosh(ξ2R +
ϕ1
2
)
(k∗1 − k
∗
2)(k
∗
2 − l
∗
1)
1
2 (k∗1 + k2)(k2 + l
∗
1)
1
2Γ1
, (5a)
q2 =
2l2RA
2−
2 (l1 − l2)(k1 − l2)
1
2 (k1 + l
∗
2)
1
2 (l1 + l
∗
2)e
iξ2I cosh(η2R +
ϕ2
2
)
(k∗1 − l
∗
2)
1
2 (l∗1 − l
∗
2)(k
∗
1 + l2)
1
2 (l∗1 + l2)Γ2
. (5b)
In the above,
Γ1 =
[(k∗2 − l∗2) 12
(k∗2 + l2)
1
2
cosh(η2R + ξ2R +
γ
(1)
1 − δ
(1)
1
2
) +
(k2 + l
∗
2)
1
2
(k2 − l2)
1
2
cosh(η2R − ξ2R +
γ1 − γ5
2
)
]
,
Γ2 =
[(k∗2 − l∗2) 12
(k1 + l∗2)
1
2
cosh(η2R + ξ2R +
γ
(1)
1 − δ
(1)
1
2
) +
(k∗2 + l2)
1
2
(k2 − l2)
1
2
cosh(η2R − ξ2R +
γ1 − γ5
2
)
]
.
After collision: z → +∞
soliton 1: The asymptotic forms for soliton 1 after collision deduced as,
q1 =
2k1RA
1+
1 (k1 − k2)(k1 − l2)
1
2 (k∗1 + k2)(k
∗
1 + l2)
1
2 eiη1I cosh(ξ1R +
φˆ1
2
)
(k∗1 − k
∗
2)(k
∗
1 − l
∗
2)
1
2 (k1 + k
∗
2)(k1 + l
∗
2)
1
2Γ3
, (6a)
q2 =
2l1RA
2+
1 (l1 − l2)(k2 − l1)
1
2 (k2 + l
∗
1)
1
2 (l∗1 + l2)e
iξ1I cosh(η1R +
φˆ2
2
)
(k∗2 − l
∗
1)
1
2 (l∗1 − l
∗
2)(k
∗
2 + l1)
1
2 (l1 + l
∗
2)Γ4
. (6b)
Here,
Γ3 =
[(k∗1 − l∗1) 12
(k∗1 + l1)
1
2
cosh(η1R + ξ1R +
γ
(1)
1 − δ
(1)
2
2
) +
(k1 + l
∗
1)
1
2
(k1 − l1)
1
2
cosh(η1R − ξ1R +
γ4 − γ5
2
)
]
,
Γ4 =
[(k∗1 − l∗1) 12
(k1 + l∗1)
1
2
cosh(η1R + ξ1R +
γ
(1)
1 − δ
(1)
2
2
) +
(k∗1 + l1)
1
2
(k1 − l1)
1
2
cosh(η1R − ξ1R +
γ4 − γ5
2
)
]
.
soliton 2: The expression for soliton 2 after collision deduced from the two soliton solution is,
q1 =
2A1+2 k2Re
iη2I cosh(ξ2R +
ϕˆ1
2
)[ (k∗2−l∗2) 12
(k∗2+l2)
1
2
cosh(η2R + ξ2R +
δ
(6)
2
2
) +
(k2+l∗2)
1
2
(k2−l2)
1
2
cosh(η2R − ξ2R +
δ3−δ6
2
)
] , (7a)
q2 =
2A2+2 l2Re
iξ2I cosh(η2R ++
ϕˆ2
2
)[ i(k∗2−l∗2) 12
(k2+l∗2)
1
2
cosh(η2R + ξ2R +
δ
(6)
2
2
) +
(k∗2+l2)
1
2
(l2−k2)
1
2
cosh(η2R − ξ2R +
δ1−δ4
2
)
] , (7b)
where ηjR = kjR(t−2kjIz), ηjI = kjIt+(k
2
jR−k
2
jI)z, ξjR = ljR(t−2ljIz), ξjI = ljIt+(l
2
jR−l
2
jI)z,
j = 1, 2, and other constants appearing in the above asymptotic expressions are given in two
soliton solution.
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FIG. 1. Stability of double hump solitons-alteration of shape of the symmetric double hump soliton in both
the modes: (a) and (b) denote the symmetric double hump soliton present in both the modes before collision.
(c) and (d) exhibit that a slight asymmetry occur in the double hump soliton profiles (though the individual
energies in each modes remains constant) after collision with symmetric single hump solitons. Note that
the single hump soliton retains it shape. The parameter values are k1 = 0.55 + 0.5i, l1 = 0.333 + 0.5i,
k2 = −0.33 + 0.5i, l2 = −0.55 − 0.5i, α
(1)
1 = 0.5 + 0.5i, α
(1)
2 = −0.45 + 0.5i, α
(2)
1 = 0.45 + 0.5i and
α
(2)
2 = −0.5 + 0.5i.
S.4. ALTERATION IN THE SHAPE OF THE SYMMETRIC DOUBLE HUMP SOLITON WHILE
INTERACTING WITH A SYMMETRIC SINGLE HUMP SOLITON (WITHOUT CHANGE IN
ENERGIES)
In the above, we have analysed the the shape preserving collision that occurs between the two
double hump solitons [2]. However, we also come across a slightly different collision scenario
while testing the stability property of a symmetric double hump soliton interacting with a sym-
metric single hump soliton through analytical and numerical analysis. To analyse this, we allow
the double hump soliton to interact with a symmetric single hump soliton. As we have demon-
strated in Fig. 1 in this supplement, by choosing appropriate initial conditions from our explicit
analytical two-soliton solution, we locate these two solitons initially at well defined separation
distance. Both the symmetric double hump and single hump solitons propagate steadily until they
get disturbed by each other. During this interaction process, the double hump soliton in both
7
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FIG. 2. Symmetric single hump-single hump soliton: Parameter values are k1 = −0.3 + 0.5i, l1 =
0.333 + 0.5i, α
(1)
1 = 0.5 + 0.5i and α
(2)
1 = 0.45 + 0.5i.
the modes alone experiences a strong perturbation due to the collision with the symmetric single
hump soliton. The result of their collision is reflected only in changing the shape of the symmetric
double hump soliton slightly into an asymmetric form. However, the energies of both the double
hump and single hump solitons do not change after collision. We also confirm this collision sce-
nario by carrying out a detailed asymptotic analysis as has been done for the double hump soliton
earlier and calculating the transition amplitudes and conservation of energy. We will present a de-
tailed analysis of the above dynamics in the extended version. We also note that if one sets a slight
asymmetry in the intensity profile of the double hump soliton in both the modes for suitable choice
of initial conditions, the asymmetric double hump becomes symmetric when it collides with the
symmetric single hump soliton, again without change in energy.
S.5. SYMMETRIC SOLITON PROFILES OF NONDEGENERATE ONE SOLITON
We display all the four symmetric wave profiles of nondegenerate one soliton of Manakov
system in Figs. (2)-(5) for appropriate choice of parameters as given in the corresponding figure
captions.
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FIG. 3. Symmetric double hump-single hump soliton: Parameter values are k1 = 0.333 + 0.5i, l1 =
0.55 + 0.5i, α
(1)
1 = 0.5 + 0.45i and α
(2)
1 = 0.5 + 0.5i.
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FIG. 4. Symmetric double hump-flat top soliton: Parameter values are k1 = 0.35+0.5i, l1 = 0.499+0.5i,
α
(1)
1 = 0.5 + 0.51i and α
(2)
1 = 0.5 + 0.5i.
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FIG. 5. Symmetric double hump-double hump soliton: Parameter values are k1 = 0.316 + 0.5i, l1 =
0.333 + 0.5i, α
(1)
1 = 0.49 + 0.45i and α
(2)
1 = 0.45 + 0.45i.
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